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Besides  the  usual  sulfochlorides  we  also  Wound 
several  fluorescent  dyes  containing  sulfo  groups,  to  pro¬ 
teins.  The  nost  favorable  conditions  for  this  were  da¬ 
te  rained,  and  the  Harked  proteins  were  checked  for  purity 
by  electrophoresis.  The  fluorescence  spectrun  of  the  dyes 
and  a  few  conjugates  were  measured.  3 y  ceans  of  protein 
markings  of  different  colors  the  possibilities  for 
diagnostical,  limnological  and  histochemioal  applications 
have  been  extended  and  improved.  The  method  described  is 
a  rather  simple  way  of  waking  fluoreacin  marked  proteins. 

The  method  of  Coons1#2  for  making  proteins  visible  by  binding 
to  fluorescin,  has  found  extensive  application  for  the  marking  of  anti¬ 
bodies  and  antigens* 

The  places  where  the  antibodies  are  made  are  better  localized?^ 
and  the  distribution  of  foreign  antigens  in  the  organism  can  be  followed 
optically?-?.  Microorganisms  could  be  recognized  with  speed  and  cer¬ 
tainty  by  means  of  fluorescent  antibodies 2,0-10,  in  Proteus  bacteries 
it  was  found  that  the  protein  of  L-forms  and  of  the  belonging  baoteries 
is  largely  identioal11.  Connections  between  specific  protein  structures 
of  liver  cells  and  readiness  of  cancer  formation  gave  rise  to  Interesting 
ideas12.  Ferments1?  and  hormones1**  were  found  in  tissues  by  fluorescence 
serology,  and  it  was  even  possible  to  make  virus  antigen  possible  in 
infeoted  celled"!?,  A  survey  of  methods  and  results  was  given  by  Coons1®, 
Poetschke  and  co-workers^,  and  Mayersback20”21.  Making  fluorescin 
isocyanates  according  to  the  method  of  Coons2*1?  is  complicated  and  takes 
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«uch  tine  and  some  practice.  Besides  the  yellow-green  color  is  little 
different  from  the  proper  fluorescence  of  the  cells.  In  spite  of  Many 
improvements  in  Methods^,  23  working  with  fluaresoln  isocyanate  was 
often  not  satisfactory. 

Therefore  it  was  tried  to  bind  other  fluorescence  dyes  to 
proteins.  Creech  and  Jones 2 ^  already  used  ,#-anthrylisocyanate. 

Clayton 25  tried  l-dimethylamino-5 -naphthalinaulf ochlorid e .  He  was  the 
first  one  to  try  to  Make  sereral  antigens  -risible  at  the  saise  tiae  by 
using  marked  antibodies  with  different  colors.  Silverstein?^  aade 
rhodasdnlsocyanate.  Because  of  various  difficulties  and  disadvantages 
however  nom  of  these  Methods  were  further  developed. 

Therefore  we  have  also  tried  to  bind  various  fluoresoin  dyes  to 
proteins  with  a  reaction  which  can  easily  be  accomplished,  in  order  to 
make  this  valuable  Method  also  suitable  for  baoteriological  or  immunologi¬ 
cal  routine  investigations??.  The  reaetian  with  sulfochlarlde  was  shown 
to  be  very  suitable,  because  a  few  fluorescent  dyes  with  sulfo  groups 
are  already  comMreially  available  or  can  easily  be  nade. 

At  the  sums  time  and  Independently  Chadwick,  McEntegard  and 
Nairn2®  published  on  the  subject  of  successful  protein  Markings  with 
"Iyssanine  Bhodaaine  B  200".  nils  dye  is  identical  with  sulforhodamln 
B  which  we  have  also  used. 

Materials  and  Methods 

The  following  dyes  were  tried  for  their  suitability  as  protein 
Markers:  Aizarin  S,  Brillantsulfoflavin,  Oeranin,  3 -hydraxypyren- 
5 . 8, 10-tris ulf on  acid,  Sulforhodamln  B,  Thioflavin  S,  Thiaain  red  (all 
from  "Bayer"). 

Ve  nade:  Sulfofluorescin  from  ii-sulfophthalic  acid  and  Resorcin. 
The  U-aulfophthalic  add  was  a  yn  that  hi  zed  according  to  l.c. Sulfo- 
acridinorange  by  sulforation  of  acridinorange  with  concentrated  HgSOjj 
at  80°C.  The  resulting  product  is  not  completely  sulfonated  and  dif¬ 
ficult  to  isolate. 

l-01nethylsnlno-5 -naphthalinaulf  on  aold  was  obtained  by  methyli- 
sation  of  simethylsulfate. 

Fluorescent  spectra:  The  spectra  were  obtained  with  the  fluores¬ 
cence  accessory  to  the  Zeiss  spectrophotometer.  The  excitation  wave¬ 
length  was  362:  up.  Of  all  dyes  0.1  nilli  mole  was  solved  in  m/100 
carboante  buffer  with  pH  8.2.  The  comparison  solution  was  ohidnsulfate. 
The  oaloulatian  was  done  ty  means  of  a  known  absolute  calibration  curve 
for  the  ohlninsulfate. 
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Fig,  1.  Fluorescence  spectra: 

-  - .  Brilliantsulf o- 

flavin,  .  3-Hydroxypyren- 

5.8.10-trisulfon  acid, 

Making  the  sulfochloride:  „ _ _ fluorescin. 

About  1  gran  of  the  sulfo  dye  con-  acridinorange, 

oemed  is  ground  up  with  a  nearly  x  x  x  x  x  sulforhodamin  B,  All 

stochionetric  amount  of  phosphor-  dyes  0,1  millimole  in  ra/ 100 

pentchloride  in  a  small  mortar.  carbonate  buffer  pH  8,2, 

After  a  few  minutes  the  mixture  Exciting  wavelength:  36 U  m(i. 

is  removed  with  about  $  ml.  cold 
acetone  and  is  filtered  immediately 

in  the  cold  into  a  polished  reaction  tube.  Then  a  bit  water  free  sodium 
sulfate  is  added.  This  solution  can  be  kept  for  weeks  in  an  xeiccator 
at  low  temperatures  and  away  from  the  light. 

Binding  to  proteins:  The  protein  solutions  that  have  to  be 
marked  are  put  together  with  3  volumes  of  0,2  m  trie  buffer  (Trls 
(hydroxymethyl ) -amonomethane  with  HC1  at  a  pH  of  9.0)  in  a  short 
wide  reaction,  glass,  which  has  a  stirring  system.  At  a  temperature 
of  0-2°C  the  solution  of  sulfochlorides  is  slowly  added  from  a  sucked 
out  pipet  (0,1  ml,  in  about  15  minutes).  This  pipet  is  best  mounted 
in  a  fixed  position  so  that  the  solution  comes  out  under  the  surfaoe 
of  the  reaotion  mixture.  The  regulation  is  accomplished  with  a  pinch 
damp  on  a  rubber  hc.se , 

The  solution  is  not  allowed  to  be  acid  after  addition  of  the 
sulfochlorides.  Otherwise  most  dyes  would  precipitate,  but  a  small 
addition  of  tria  buffer  will  bring  them  In  solution  again. 
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About  30  p  sole  aulfodye  are  combined  with  100  mg.  protein  (de¬ 
termined  with  the  biuret  method).  The  mixture  is  stirred  2  to  3  hours 
in  the  eold  end  then  immediately  dialysed  against  m/15  HaCl  in  m/100 
phosphate  buffer  with  pH  J.k» 

Example!  2  ml*  of  an  df  protein  solution  is  diluted  with  6  ml. 
trisbuffer.  There  is  160  mg.  protein  in  the  now  25?  solution.  1  gr. 
hydroxypyrsnsulfon  acid  is  ground  up  with  0.5  gr.  PClg  and  then  taken 
up  with  5  ®1*  acetone.  Per  milliliter  there  is  now  shout  200  mg  dye. 

Between  O.Od  and  0.1  ml.  is  used,  that  is  between  16  and  20  mg  dye 
(1  p  mole  -  0.525  mg). 

Repeated  binding  to  dyet  It  has  been  found  that  in  ordinary  use 
of  fluoresein  isocyanate  only  3  to  65?  of  the  possible  conjugation  places 
of  the  protein  is  bound  to  fluorescing.  Therefore  it  was  tried  to  hare 
it  react  repeatedly  to  isocyanate.  This  used  to  be  accompanied  by  high 
losses  of  protein  by  precipitation,  but  that  does  not  occur  in  our 
method.  After  a  single  treatment  with  a  sulfoehlaride  the  solution  is 
dialysed  for  about  2k  hours  against  a  large  amount  .if  fluid  (stirringl). 
After  this  the  volume  of  the  eggwhite  solution  is  measured  and  one 
tenth  the  volume  of  2  m  tris  buffer  with  pH  9.0  is  added,  Nov  renewed 
treatment  with  sulfochloride  can  be  undertaken. 

Purification!  Far  the  removal  of  unbound  dyes  a  sufficient 
dialyses  can  be  reconmnded  in  any  case.  Usually  3  to  h  days  with  dally 
change  of  the  diallaation  fluid  and  continuous  stirring  will  do.  The 
time  of  dialyses  can  be  reduced  by  treatment  with  active  carbon.  Per 
ml  of  mixture  50  mg  of  carbon  powder  is  added  and  then  the  mixture  is 
shaken  strongly.  Subsequently  it  is  centrifuged  at  at  least  3000  g. 

It  is  of  great  advantage  to  do  all  stages  in  a  cold  room. 

Proteins  are  often  unspecific  ally  bound  in  small  amount  by  cells 
and  tissues,  and  this  can  already  lead  to  annoying  unspecific  fluorescence 
of  the  object  that  has  to  be  investigated.  By  adsorbtion  of  an  organic 
powder  this  phenomenon  can  <.ften  be  eliminated.  Aeetone  dried  powder 
from  rabbit  or  rat  liver  is  specially  suitable  for  this  (oompare  l.c-*). 

Extraction  of  unbound  dyes  with  organic  solvents,  as  proposed 
by  Dlneen  and  Ada2’  with  acetic  ester,  does  net  always  give  the  desired 
result.  The  distribution  between  the  watery  and  the  organic  phase  must 
in  any  case  be  oarefully  tried  in  advanoe  for  the  dye  oonoemed. 

The  protein  dye  compounds  have  the  same  maxima  in  the  emission 
spectrum  as  the  sulfon  acids. 

Often  the  eggwhite  oontents  of  the  flueresoln  marked  protein 
solutions  is  too  small.  In  these  eases  we  have  oonoentrated  the  solution 
again  by  moans  of  narrowing  dialyses  container*  (apparatus  for  concentration 
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Om  liquors  from  the  nenbrane  filter  company  QSot ingen.  In  earlier 
publications!?  wo  hare  written  concerning  practical  Methods  for  the 
gathering  and  preparation  of  the  immunization  proteins  that  hare  to 
be  narked,  and  about  color  technique  and  fluorescence  aicroeeopy. 

Control}  Cattle  albunen  are  bound  to  rarlous  sulfo  dyes,  as 
described.  After  dialyses  and  purification  they  are  nixed  with  a  solu¬ 
tion  of  cattle  -globulin.  After  addition  of  0.01  nl  of  a  0.1#  nerthio- 
late  solution  per  nl  the  Mixture  is  stared  at  37°C  for  12  to  16  hours. 
Subsequently  the  proteins  are  separated  by  electrophoreses  on  paper 
strips.  The  strips  are  cut  in  half  and  one  half  is  routinely  colored 
with  amido  black.  Of  the  other  half  an  ultra  Yiolet  photo  print  is 
nade.  Now  only  the  narked  protein  band  nay  be  risible  by  fluorescenoe. 
Still  present  free  dye  cones  mostly  ahead  of  the  albunen. 

Results 

Sone  of  the  djres  that  were  tried  had  too  little  fluorescence. 
Thiazln  red  and  geranin  fluoresce  very  weakly  in  the  blue  region  (max 
at  1*16  *p).  The  l-dinethyl-5 -naphthalin  sulfon  acid  also  had  a  much 
weaker  emission  than  fluorescin.  Surprisingly  strong  is  the  fluorescence 
of  the  tfodraxypyrenaulfon  acid.  The  maxima  radiation  is  at  nearly  the 
sane  wavelength  as  fluorescin,  nanely  521*  np.  In  contradiction  Ewmart^1 
found  for  fluorescin  an  emission  naximn  at  550  np,  but  he  did  not  give 
the  wavelength  of  the  exciting  light. 

Changes  in  the  pH  values  do  not  change  these  maxima.  Only  the 
intensity  decreases  rapidly  at  a  pH  of  below  7*  This  can  also  clearly 
be  seen  in  the  adsorbtion  spectra  of  fluorescin  and  other  protein  con¬ 
jugates  given  by  Ennart.  On  the  basis  of  the  spectra  the  hydrcaypyren- 
sulfon  acid  with  yellow  green  fluorescence  and  the  sulforhodanln  B 
with  red  fluaresoence  seen  to  be  the  best  dyes. 

The  reaction  of  the  sulfochlorldes  with  the  proteins  gave  really 
stable  compounds  which  were  at  least  equal  in  quality  as  those  obtained 
from  the  isocyanate.  The  protein  properties  of  such  conjugates  seen 
not  to  be  changed,  as  is  proven  by  electrophoresis  and  aninal  experi¬ 
ments28. 

Hydroxypyrensulfon  sold  sulforhodanln  B  have  very  much  different 
fluorescence.  Both  dyes  can  be  bought  oonnereially.  It  is  easy  to 
make  the  sulfochlorldes  and  the  compounds  with  the  proteins.  Therefore 
praotically  every  laboratory  will  be  able  to  make  fluorescin  narked 
proteins  for  the  nost  different  purposes. 
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